A comprehensive study of interactive processes between soil, water, plant, animal and atmosphere to protect the natural resources requires knowledge of parameters and processes in different scales. Soil hydrological studies in North-East Germany were carried out in different scales, starting with laboratory, lysimeter measurements and in the field. The measurements of soil hydrological properties were executed with the Extended Evaporation Method (EEM) and the HYPROP device. A method for quantifying deep seepage and solute leaching under field conditions was developed, tested and applied at more than 40 soil hydrological field plots in NE Germany. The hypothesis was confirmed that arable land constitutes the main source of deep drainage and groundwater recharge in Northeast Germany. Deep seepage was strongly reduced under forest. For decision support on landscape renovation and land rededication by afforestation in NE Germany the seepage reduction under forest is to be taken into consideration, especially with respect to the conservation or restoration of wetlands in regions with negative climatic water balance. The EEM and the soil hydrological field method so called "virtual lysimeter" have the potential for the improvement of soil hydrological studies in Asia as a whole.
Introduction
Protection of the natural resources soil, water, habitat and other means the long-term conservation of its functions. These include the filter and buffer properties of the soils and retaining a sustainable habitat function for human, animals and plants. The loss as well the reduction of productive soils by erosion, sealing and degradation of soils and contamination of ground and open waters must be avoided. A comprehensive study of interactive processes between soil, water, plant, animal and atmosphere to protect the natural resources requires knowledge of parameters and processes in different scales.
Laboratory measurements provide information to soil data and soil water and solute transport processes in the mini scale. These data are required input data for simulation models. Lysimeters give the opportunity to study the interaction between soil, water, plant, management and atmosphere in larger soil columns and under defined random conditions. They provide a good basis for the development and test of methods and the validation of simulation models. Investigations and simulations in the field, catchment and landscape scale are influenced by a large number of single processes. These studies aim to expand the knowledge and understanding to the process interactions. Simulation models help to combine all the single processes to support management decisions for preservation a productive but sustainable landscape.
This research presents the Extended Evaporation Method (Schindler et al., 2010a; Schindler et al., 2010b) , an advanced laboratory method for quantifying soil hydraulic properties and we studied soil hydrological processes in the field using special designed soil hydrological field plots, so called "virtual lysimeters" (Schindler and Mueller, 1998) .
Material and Methods

Laboratory measurements
Measuring soil hydraulic properties in the laboratory with classical methods (sand box, sand-kaolin box, pressure plate extractor, multi-step outflow method) is time consuming and the results are strongly influenced by uncertainties (Dane and Hopmans, 2002; Bitelli and Flury, 2009 ). The Extended Evaporation Method (EEM) enables the simultaneous quantification of the water retention curve and the unsaturated hydraulic conductivity function of 100 cm 3 or 250 cm 3 soil samples in the laboratory (Schindler et al., 2010a , Schindler et al., 2010b . The measurement ranged from saturation down to near permanent wilting point and the measurement time is strongly reduced. Instead 2 or 3 month only between 3 and 10 days are required. Additionally, the quantification of shrinkage and hysteresis is possible (Schindler et. al., 2015a; Schindler et al., 2015b) .
In a soil sample (100 or 250 cm 3 , height 5 cm) two tensiometers are installed at depths of 1.25 and 3.75 cm. The sample is saturated with water from the bottom, sealed at the bottom and placed on a balance. Its surface remains open to free evaporation. Tensions (Ψ) and sample mass (m) are recorded at consecutive times. Single points of the water retention curve are calculated on the basis of the water loss per volume of the sample at time t and the geometric mean tension of the sample at that time. The hydraulic conductivity (K) is calculated according to the modified Darcy-Buckingham's law (Eq. 1) where the evaporated water volume per time interval relates to half the sample height versus hydraulic gradient as determined by the tensiometers (Schindler, 1980) . The flux (q) is derived from the soil water volume difference V (1 cm 3 of water = 1 g) per surface area (A) and time unit (t). The mean hydraulic gradient (im) is calculated on the basis of the mean tensions in time intervals.
where is the mean tension geometric averaged over the upper and the lower tensiometer and the time interval, m is the sample mass difference in the time interval (assumed to be equal to the total evaporated water volume VH2O of the whole sample in the interval), H2O is the density of water and is assumed to be 1 g cm -3 , A is the cross sectional area of the sample, t is time interval, and im is the mean hydraulic gradient in the interval.

At the end of the measurement, the residual amount of storage water is derived from water loss by drying in the oven (105°C). The initial water content is determined by total water loss (evaporation part plus residual amount) related to core volume. Dry bulk density is derived from dry soil mass divided by core volume. For this reason the volume of the tensiometer holes (1 cm 3 ) is subtracted from the core.
Assumptions for the validity of Eq. 1 are: i) that water flow out of the core can be treated as a "succession of steady states" where the flux and hydraulic gradient are effectively constant within each time interval; and ii) linear decreasing water content difference across the sample height in the measuring interval. Accordingly, the flux through the measuring layer is half of the total flux and can be calculated from the total evaporative soil water volume (mass) difference in the time interval. The assumptions were found to be valid (Wendroth et al., 1993) . Peters and Durner (2008) and Schindler et al., (2010b) reported that linearization in space led to only minor errors, even in the late stage of evaporation where strongly non-linear tension profiles emerge.
Soil hydrological field measurements
Quantifying deep seepage and solute leaching is necessary for addressing numerous economic and environmental problems such as the development of sustainable farm management systems with a view to providing non-polluted water for different users and determining safe yields of aquifers. Generally lysimeters are used. However, lysimeters are not flexible, the installation is expensive and depending on the lysimeter construction the results are influenced by special uncertainties, so called lysimeter effects. The measurement of soil hydrological variables in the field also called as "virtual lysimeters" is an alternative method for studying soil hydrological processes in the field under natural soil and management conditions. The method was tested in comparison with lysimeter results and was found to be valid (Schindler et al., 2009) .
Below the zero flux plane, water flow is driven by gravity only. Over time, the soil in that zone can be considered as being a pipe with various fillings. As an indicator of filling levels, the soil water content is taken. All changes of water content or tension are induced by changing seepage conditions. Transformation of the filling level (soil water content) into flux (seepage flow rate q) can be undertaken using the Darcy Buckingham equation (Eq. 2) containing a non-linear scaling factor, where the hydraulic conductivity function K() is dependent on water content  and the hydraulic gradient (i) is the driving force. "Steady-state" conditions are assumed at daily intervals and the unit hydraulic gradient is considered to be valid (Schindler et al., 1998) . This method is feasible on soils without ground water influence. Daily deep seepage rates (q) are calculated based on water content measurements below the zero flux plane, and an unsaturated hydraulic conductivity function K() calibrated to the water balance. Further information about soil properties, land management, weather data and other data is not necessary. Prerequisites are high precision and temporally stable tensiometers and TDR probes with no drift or temperature influence and temporally constant flow pathways.
Results
The hydraulic properties (water retention curve, unsaturated hydraulic conductivity function) of more than 1,000 mineral and organic soils from 136 sites were determined (Figure 1) . The particle size distribution, the dry bulk density, the organic matter content and other parameters were also measured. The sites were located in the Pleistocene region of North-East Germany (Brandenburg) and central Germany (Thuringia). The mineral samples covered a wide range of texture classes (Figure 2) . The organic soils contained peat samples of different grades of decomposition and mineralization. Soil and site were described according to WRB (2006) . Base on these data pedotransfer functions were developed and soil water simulations were carried out in Pleistocene landscapes of NE Germany (Schindler et al., 2004; Schindler et al., 2007) . Soil hydrological field measurements were carried out to study the effect of land use on deep seepage and solute leaching at more than 40 soil hydrological plots in North-East Germany (Schindler et al., 2010c) . The hypothesis was confirmed that arable land constitutes the main source of deep drainage and groundwater recharge in Northeast Germany. In many regions, afforestation of arable land exerted as a well-established measure of landscape renovation. There are manifold legitimate reasons -supplemental income by producing wood as a bulk commodity, damping the additional greenhouse effect, utilising the filter function of the forest, forest as the basis for recreation and tourism (Burschel, 1993) , or flood risk and erosion abatement (Wang et al., 2006) . However, the quantity of deep drainage and the quality of the seepage water were and are often neglected but crucial for the observed region as characterised by a negative climatic water balance and essential for sustainable water management. The quantity of ground water recharge is much impaired under forest as compared with arable land or grassland use (Wohlrab et al., 1992; Schindler et al., 2010c) , which puts the widely accepted doctrine of "the forest being a reservoir of water" into perspective in dry regions.
b) b)
In regions of precipitation < 550 mm a -1 deep drainage and groundwater recharge obviously tend to wane under forest. In the state of Brandenburg about 40 % of the total area is affected by such minor precipitation on the longterm mean 1951-2000 (Gerstengarbe et al., 2003) . There were little differences of ground water recharge between deciduous and coniferous forests (Wohlrab et al., 1992; Schindler et al., 2010c) . The situation may aggravate in the future because precipitation had already been decreased for the last 50 years (Gerstengarbe et al., 2003) . Pursuant to this, the portion of area supplied by < 550 mm a -1 of precipitation on average would have grown to more than 60 % by the year 2055. For decision support on landscape renovation and land rededication by afforestation this is to be taken into consideration, especially in respect of the conservation or restoration of wetlands in regions with negative climatic water balance.
This research substantiated the feasibility of analysing the dynamics of seepage flow formation and solute leaching in situ, under undisturbed soil conditions by means of cost-effective soil hydrological measuring plots, respectively virtual lysimeters. Soil water content in its temporal variation proved to be suitable as an indicator for quantifying the seepage flow. Nonetheless, the precise measurements of tension and water content below the hydraulic divide, which were continuously stable, without drift over the long term and calibrated for hydraulic conductivity function, were required (Renger, 1970) .
Conclusions
The EEM and the soil hydrological field method so called "virtual lysimeter" have the potential for the improvement of soil hydrological studies in Asia as a whole.
Upscaling the results to landscapes and regions requires comprehensive utilisation of simulation tools (Lin et al., 2006) . Existing pedotransfer functions are to be inspected with regard to their applicability in that context (Rawls and Brakensiek, 1985 , Vereecken, 1989 , Schindler et al., 2002 . Long-term monitoring of soil hydrological measuring plots should be used as reference points, providing a sound basis for model validation.
